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(54) PRODUCTION OF OPTICAL MASTER DISK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form groove pits which are 
stable to a fluctuation in film thicknesses and are made finer 
by forming a photoresist film and a color fadabie film on the 
surface of a glass substrate and exposing pit patterns 
thereto. 

SOLUTION: The photoresist film 2 is applied on the surface 
of the flat glass substrate 1 polished with high accuracy and 
is subjected to a heat treatment. The color fadabie film 3 is • 
further applied thereon after cooling and a heat-treated. The 
concentrical pit patterns are then exposed thereon by an 
optical disk exposure device. The exposure is executed by 
condensing the collimating beams 5 on an Ar laser beam to a 
condenser lens 4 and irradiating the color fadabie film 3 and 
the photoresist film 2 with a laser spot. The color fadabie film 
3 induces photoreaction only in the irradiated parts, thereby 
forming color fading 6 and allowing the transmission of the 
beams. At this time, the film thickness D of the color fadabie 
film 3 and the photoresist film 2 is formed within the range of 
the equation when the wavelength of the laser beam 5 is 

defined as X and the numerical aperture of the condenser lens 4 as NA. The laser spot transmitted 
through the film forms a latent image 7 on the photoresist film 2 and forms rugged pits 8 after the 
development As a result, the groove pits which are stable to the fluctuation in the film thickness 
and are made finer are formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation nnay not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which applies a positive-type photoresist on a glass substrate, and the 
process which heat-treats this photoresist film, A laser beam is carried out to the process which 
applies and heat-treats photofading nature material on this photoresist film with a condenser lens at 
a laser spot In the manufacture method of the optical disk original recording which consists of the 
process which exposes the pit of an optical disk, and the slot for tracking on this photoresist film 
using the laser spot, and the process developed, rinsed and dried The manufacture method of the 
optical disk original recording characterized by forming the wavelength of laser in 1/2x1 /2.5xlambda/ 
(NA) 2 <=D<=1/2xlambda/2 when the thickness D of photofading **** and a photoresist film sets 
numerical aperture of lambda and a condenser lens to NA. 

[Claim 2] This photofading **** formed on the aforementioned photoresist film is the manufacture 
method of the optical disk original recording according to claim 1 characterized by being the optical 
density whose initial permeability it is a nitrone compound or diazonium salt system material, and is 
20% or less. 

[Claim 3] The manufacture method of the optical disk original recording according to claim 2 
characterized by forming water-soluble polyvinyl alcohol between the aforementioned photoresist film 
and this photofading and exposing with the aforementioned photoresist film and this photofading 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docunn^nt has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of 
the suitable optical disk original recording for formation of the pit where the pattern size in an only 
for [ reproduction ] type optical disk and a recordable type optical disk is small, and a slot. 
[0002] 

[Description of the Prior Art] Generally the master-ring process as shown in drawing 3 (a) - (d) is 
used for the conventional optical disk original recording. The positive-type photoresist film 2 is 
applied on the glass substrate 1 which ground the front face with high precision, a laser beam 5 is 
irradiated in an optical disk aligner after heat treatment at the laser spot which condensed with the 
lens 4 at the photoresist film 2, the slot and pit pattern on the shape of a concentric circle and a 
spiral are exposed, a latent image 7 is formed, and the concavo-convex pattern 8 of a slot or a pit is 
formed in the photoresist film 2 after development, and it heat-treats further and is producing. This is 
shown in a television society magazine and 183-187 pages (1982) of the 3 volume [ 36th ] No. And an 
optical disk substrate is produced through processes, such as the La Stampa replication, membrane 
formation, and a protective coat from this original recording. According to the quality of the material 
of membrane formation, the added type of a postscript and a rewritten type are developed as the 
ROM type only for reproduction, and a recordable medium by the optical disk substrate, and it is used 
for it in every direction. 

[0003] Since the amount of information treated by improvement in the performance of information 
machines and equipment increased in recent years, the further mass storage is demanded rather than 
before. Although storage capacity of an optical disk is large capacity, large capacity-ization is 
demanded further. In order to increase-ize capacity of an optical disk, generally the technique of the 
densification which narrows a track pitch and makes linear density high is used. However, by this 
technique, problems, such as an increase in a cross talk, a fall of a tracking signal, and a fall of the 
modulation factor of a regenerative signal, arise, and practical use is difficult. In order to consider as 
a practical high-density medium, it is required to also make detailed width of face of a slot or a pit 
pattern. In order to produce such a high-density optical disk substrate, it is required to form the slot 
which turned minutely in original recording first, and a pit pattern. About detailed-izing of the pattern 
formed in original recording, with a patent public presentation common 1-317241 "the optical disk 
original recording producing method", photofading **** is formed on a photoresist film and the 
method of improving the intensity distribution of a laser spot using the saturation absorption property 
of photofading **** is shown. 
[0004] 

[Problem(s) to be Solved by the Invention] According to the conventional master-ring process, a 
laser spot irradiates a photoresist, if a latent image is formed and developed to a photoresist, the 
shape of toothing of a latent image will form and this will serve as a slot and a pit Since the intensity 
distribution of a laser spot are Gaussian distribution and the distribution of a latent image also turns 
into abbreviation Gaussian distribution, it depends for the width-of-face size of a slot or a pit on the 
diameter of a laser spot Therefore, in order to make width of face of a slot or a pit detailed, it is 
making the diameter of a laser spot minute. The diameter of a laser spot is lambda/NA when 
wavelength of NA and a laser spot is set to lambda for the numerical aperture of a condenser lens. 
[0005] However, even if NA (NA<=1) has already used 0.9 or more things and enlarges NA, it is small. 
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[ of the grade of an improvement of the diameter of a laser spot ] lambda is the wavelength of the 
light source and it is possible to shorten lambda. As the light source for aligners of optical disk 
original recording, it being horizontal single-mode laser and laser with still more highly efficient 
properties, such as a life, stability, and a noise, are required of continuous oscHlation. Now, the short 
wavelength laser which fulfills this condition has the thing of a near-ultraviolet region. When the laser 
of a near-ultraviolet region is used, producing will be difficult for the big lens of NA which can be used 
in air, and it will wait for future development. Moreover, since it is not visible, difficulty is 
accompanied by adjustment of the optical system of an optical disk aligner. Therefore, it can be said 
that it is very difficult to develop the optical disk aligner of short wavelength. As stated above, there 
are many technical problems in making the diameter of a laser spot minute optically, and immediate 
solution is difficult. 

[0006] There is the method of making detailed the slot using the saturation absorption property of 
photofading **** and a pit in process. Photofading **** is a property which the photoreaction will 
arise, fading will progress, light will penetrate if there is much light exposure, fading will not progress if 
there is little light exposure, and light does not penetrate. When intensity distribution are the laser 
spots which are Gaussian distribution, the core where intensity is strong penetrates, the skirt section 
with weak intensity stops penetrating, and the diameter of a laser spot becomes smaller than the 
time of incidence, and is penetrated, since this laser spot exposes a photoresist film — detailed — 
the slot and pit of a-izing configuration form However, if the laser spot of an optical disk aligner is 
converged toward the focus of a condenser lens and a focal plane is passed, it will be spread again 
and the diameter of a laser spot will become large. In exposure, since the focus of a condenser lens is 
controlled on the front face of photofading the diffused laser spot is irradiated by the 

photoresist film. That is, since not the diameter of a laser spot that turned into the photoresist film 
minutely by photofading **** but the diffused large diameter of a laser spot is irradiated, there is a 
satisfactory problem in which the slot which fully turned minutely, and a pit are formed. Furthermore, 
if the thickness of photofading **** is changed, since the diameter of a laser spot which irradiates a 
photoresist film will also be changed, the slot or pit of a uniform configuration do not form. And when 
change of thickness is large, neither a slot nor a pit may form. As stated above, there is a trouble 
which cannot supply stably original recording of the slot which turned minutely, or a pit pattern, 
[0007] 

[Means for Solving the Problem] It is the purpose that this invention forms stably the small slot and 
small pit of width of face or a path in original recording using the present optical disk aligner. 
[0008] The above-mentioned purpose is attained by forming the thickness of a photoresist film and 
photofading **** within the depth of focus of the condenser lens of an optical disk aligner. And 
photofading **** is a nitrone compound or diazonium salt system material, and is set as optical 
density [ as / whose initial permeability is 20% or less ]. Moreover, in order to raise the application 
nature of photofading **** to a photoresist film top, it is characterized by having added the process 
which forms the layer of water-soluble polyvinyl alcohol between a photoresist film and photofading 
****, and adding the process made to remove with photofading **** by rinsing before development 
further. 

[0009] If the laser beam of the parallel light which carried out incidence to the condenser lens 
condenses in a focal position, forms a minute laser spot and separates from a focal position further, it 
will serve as a laser spot which emitted and spread. However, it is known for within the limits of the 
depth of focus that the intensity distribution of a laser spot will hardly change. Since a photoresist 
film can be irradiated without the laser spot which turned minutely by photofading **** when the 
thickness of a photoresist film and photofading **** carried out within the limits of the depth of 
focus spreading, the slot and pit which fully turned minutely can be formed. Moreover, since the 
diameter of a laser spot does not change when change of the thickness of a photoresist film and 
photofading **** carries out within the limits of the depth of focus, a uniform slot and a uniform pit 
can be formed stably. 
[0010] 

[Embodiments of the Invention] Hereafter, one example of this invention is explained using a drawing. 
[001 1] Drawing 1 is the schematic diagram of the master-ring process which shows one example of 
this invention, (a) shows the flat glass substrate 1 which ground the front face with high precision, 
and prepares the silane coupling layer which raises an adhesive property with a photoresist layer in 
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the front face. It heat-treats by applying the photoresist film 2 on a glass substrate 1, as shown in 
(b). MP1400 of a SHIPPURE-company was used for the positive-type photoresist. It heat-treats by 
applying photofading **** 3 on the photoresist film 2 after cooling, as shown in (c). Next, the slot and 
pit pattern on the shape of a concentric circle and a spiral are exposed by the optical disk aligner, (d) 
shows the exposure process of the mastering. The Ar laser 5 condenses with a lens 4, forms a laser 
spot, and irradiates the laser spot at photofading **** 3 and the photoresist film 2. In photofading 
**** 3, only the irradiated portion produces the photoreaction, fading 6 is taken, and light comes to 
penetrate. The transmitted laser spot forms a latent image 7 in the photoresist film 2. A view 2 is a 
** type view about the flux of light of the laser spot near the focus. The Ar laser beam 5 condenses 
with a lens 4, and forms a laser spot in the focal position 9. Since the intensity distribution of a laser 
spot are almost the same within the limits of depth of focus deltaf at this time, the diameter of a 
laser spot does not change. Since the refractive-index difference of air and photofading **** 3 is 
larger than the refractive-index difference of photofading **** 3 and the photoresist film 2, in 
automatic focusing of an optical disk aligner, it detects the light reflected on the front face of 
photofading **** 3, and performs a focus control. That is, the front face of photofading **** 3 is in 
agreement with the focal position 9 of a lens 4, That is, if the thickness D of photofading **** 3 and 
the photoresist film 2 is or less deltaf/2, it can be exposed in the state where the diameter of a laser 
spot does not change to the photoresist film 2. deltaf is expressed with delta f=lambda / 2, and is 
deltaf / 2- 0.283 micrometers at the time of lambda= 0.458 micrometers and NA=0.9. The thickness 
of 0.18 micrometers and the photoresist film 2 set to 0.1 micrometers, and the thickness of 
photofading **** 3 set it to D= 0.28 micrometers. Using RI-9710C of Hitachi Chemical Co., Ltd., it 
adjusted to photofading **** 3 so that early optical density might become 20% or less by 0.18- 
micrometer thickness. After exposure, as shown in a view 1 (e), photofading **** 3 is removed by 
rinsing, and the front face of the photoresist film 2 is exposed. Then, as shown in (f), negatives are 
developed by using MP DEBEROPA - of a SHIPPURE-company for a developer, and the concavo- 
convex slot and concavo-convex pit 8 of a configuration are formed.'As a result of measuring the 
width of face of a slot or a pit 8, there is about 30% of improvement from the conventional method, 
and the slot and pit which turned minutely were obtained. And as a result of measuring the 
homogeneity of a circumferencial direction, the width-of-face size is almost the same, and has 
formed uniformly the slot and pit which turned minutely stably. 

[0012] Next, the thickness of the photoresist film 2 was formed in 0.1 micrometers, and the thickness 
of photofading **** 3 was formed in 0.1 micrometers. It is D= 0.2 micrometers. The optical density in 
early stages of photofading **** 3 was adjusted so that it might become 20% or less, and negatives 
were exposed and developed by the same method as the above-mentioned, and the slot and the pit 
were formed. Consequently, the result as the above-mentioned with the same width-of— face size was 
obtained. If early optical density can be adjusted to 20% or less even if it forms the thickness of 
photofading **** 3 more thinly than 0.1 micrometers, the slot and pit which turned minutely can be 
formed. However, with the present material, 0.05 micrometers of the thickness of photofading **** 3 
are a limit. Therefore, the minimum of Thickness D is 0.05 micrometer*- photoresist thickness. 
Although photoresist thickness changes with uses, the thickness in the range of 0.06-1.5 
micrometers is used. If 0.06 micrometers was used for photoresist thickness, the minimum of 
Thickness D is 0.11 micrometers and is set to 2.5xlambda [ 1/2x1/]/2. 

[0013] Moreover, in control of automatic focusing of an optical disk aligner, if it controls so that the 
focal position of a lens 4 is located in a film rather than the front face of photofading **** 3, 
thickness D of photofading **** 3 and the photoresist film 2 can be made thicker than deltaf/2. In 
this case, when distance between the front face of photofading **** 3 and the focal position 9 of a 
lens 4 is set to a, it is the relation between D<=delta f / 2+a. Moreover, the focal position of a lens 4 
is set to a=deltaf/2, then D=delta f, and it becomes the greatest thickness D which can use this 
invention. The property of photofading 3 is a property which absorption increases^ so that 

thickness becomes thick, and initial permeability has the property which becomes small. Initial 
permeability can form the slot and pit of small width efface for a low. The focal position 9 of a lens 4 
was set to a=deita f / 2, the thickness of 0.46 micrometers and the photoresist film 2 was formed in 
0.1 micrometers for the thickness of photofading **** 3, and the slot and the pit were exposed and 
developed. Consequently, the slot and pit which the width-of-face size has improved about 35% from 
the conventional method and which turned minutely were obtained. In order to raise the application 
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nature of photofading **** 3 to the photoresist film 2 top, the layer of water-soluble polyvinyl alcohol 
was made to form between a photoresist film and photofading ****. Thickness could be thin and 
could be 0.001-0.01 micrometers. Polyvinyl alcohol does not change the intensity distribution of the 
laser spot which carried out outgoing radiation of photofading **** 3 since the absorption of 
thickness in an ultraviolet-rays field was thin, and there was almost nothing. Moreover, since it is 
water-soluble, removing with photofading **** by rinsing is possible, and it is not necessary to newly 
add a removal process before development. As a result of exposing and developing a slot and a pit by 
the same method as the above-mentioned, the result as the above-mentioned with the same width- 
of-face size was obtained. 

[0014] this invention is applicable also to the optical disk aligner of other wavelength. Also in this 
case, it is necessary to make thickness D of photofading **** 3 and the photoresist film 2 smaller 
than deltaf/2 by the depth of focus based on the wavelength and NA of the optical disk aligner. 
Photofading **** 3 had a saturation absorption property, although the absorption property changed 
with wavelength, it is adjusting so that early optical density's may become 20% or less, and the same 
slot and same pit as the above-mentioned which turned minutely were obtained. 

[0015] Still more detailed examination was performed about the depth of focus. If incidence of the Ar 
laser beam 5 condensed with the lens 4 is carried out to photofading **** 3 from air, refraction will 
produce it in the interface of air and photofading **** 3. In the case of drawing 2 , the angle of 
refraction of the beam of light of photofading **** 3 becomes small, and the depth of focus becomes 
long. If the refractive" index of air and photofading **** 3 is respectively set to n1 and n2, the depth 
of focus will be set to n2-/n1 xdeltaf. The refractive index of air is 1, and since photoresist film 2 
refractive index which reaches photofading **** 3 is about 1.6, the depth of focus becomes long 
about 1.6 times. However, the intensity distribution of the laser spot of a position which are distant 
from the focal position of a lens 4 deltaf/2 show the distribution with which the intensity distribution 
of an incident light differ from Gaussian distribution, then the intensity distribution of a focal position 
a little, and become smaller than the time of main intensity being a focal position. Moreover, it is 
expected that the diameter of a laser spot becomes about 1.4 times as large as the time of a focal 
position. Now, the slot or pit which turned minutely cannot be formed. When the flare of the diameter 
of a laser spot examined the position which is less than 10%, the focal position showed that it was the 
position of 1/1.4xdeitaf/2. The depth of focus of synthesis in consideration of the increase in the 
depth of focus by the refractive index and reduction of the depth of focus by the flare of the 
diameter of a laser spot is 1.4xdeltaf [ 1.6/]/2. Therefore, Thickness D can form the slot and pit 
which turned minutely or less 1 .6/1 .4xdeltaf/2. 
[0016] 

[Effect of the Invention] As explained above, in the original recording of an optical disk, the slot and 
pit where the width-of-face size turned minutely can be formed by ****ing the thickness of 
photofading **** and a photoresist film within the limits of the depth of focus of the narrowing-down 
lens of an optical disk aligner. Moreover, within the limits of the depth of focus, since the intensity 
distribution of a laser spot do not change, even if there is thickness change, the slot and pit of the 
almost same width efface can be formed stably. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. [n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross section of a substrate showing the outline of the master-ring process in one 
example of this invention. 

[Drawing 2] The ** type view showing the flux of light of a laser spot [ near the focus of the 
narrowing-down lens of an optical disk aligner ]. 

[Drawing 3] The schematic diagram of the master— ring process of the conventional example. 
[Description of Notations] 

1. Glass Substrate for Original Recording 

2. Photoresist 

3^ Photofading **** 

4. Condenser Lens 

5. Collimation Light of Ar Laser Beam 

6. Fading Portion of Photofading **** 

7. Latent Image of Photoresist 

8. Concavo-convex Pit after Development 

9. Focal Position of Condenser Lens 

deltaf The depth of focus of a condenser lens 

D Thickness of photofading **** and a photoresist 
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DRAWINGS 



[Drawing 1] 
^ 1 




[Drawing 2] 

^ 5 




[Drawing 3] 
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mM^thfzWAt^^1^f^%R^;^.^±\:.xm^Q\^. % 

^3(7:>jSt^^^li, 5fedS#.tiP3 <^/-^ h u-v^;^ h^2 CO 

'^.^.X\t. 3fedlfe^^3co^mT'^Mbfc3fe^^tbLT 

X4(r^:m.':^,^i® 9 ^-iS:t-5c ip. 3feil-fei4M3 <i: 
.i^ h U'^;?, h^2 ^o^^DI;t, A f X'2 i;-^^Tr;btL 
1^, h u-v^^ hM2 IcliU'-if^wif :y 

A) 2r-^^n. . A = 0 . 4 5 8ji/m, NA=0. 9(7!) 

Af/ 2 = 0. 2 8 3jumr'^5o 3fe51'fett^3cO 
^/¥t^0, 18jum, z-^. h Uv-;^ 1-112 0^^1^0. 1 
m <b L . D - 0 . 2 8 m ^ L :^Co 3tiS#.'t:iM 3 

1^, ei[:^t:i5}tt±coR I - 9 7 1 0 c^^i/^, 0. 1 s ^2 
50 xn<nmm-X^n<r:>%^m^iy^2 o%\l>.T\z.fi:^,Xb\:-m 
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5 

SL/io m^^. Mim (e) izyf^-rx oi::^i^^i^m 

3 ^'7Kft;T-f^*L. /J^ HUv-;:^. hM2 ^D^S^'Itffi$-t±• 
5. ^co^, (f) {Z7T^-rx^{zm^.m{ci.'^^y':fu-^± 

[001-2] ^. h COMJ^fiO . 1 ^ 

fco D=0. 2MmT^>5, ^i^-^i±m3(0Wm(0^^ 

^^^^^ y bnm^Xt L;?)-L, ^i^coumx\t^iB 

X. m:I^D<DTMn. 0, 0 5 ju m+ h U-v^;^ h^/? 
XXX (N A) 2^ 

too 13] ^fc, 7fe^-Y:^:^gi^^gcogitit,#,(7:>$iJ 

M3 ^v-^ h u-v^;^ hfll2 £OM/?Df^. Af/2J:i?ii:< 

f / 2 + a C0im^T-^>5. ^fc, 0:W.,^,>fi®^ 
a - A f y 2 t-ttlit. D = A f ^? , 

x^ ^mxmnmD t fj: ^i^^^m3<D^mt. m 
mt'^m< fj:^i,f,t'mu:^^mmi'^^^xh ^ . mm^^i^ 

f^m><r)m^^^ y h^Jf^f^X^ ho 1-'>'X4 CO^^.^.^ig 9 
^a = Af/2tL, 3^ii'fe't*^3O^i^^0. 4 6.;u 
m. h 1/ v^T-. hM2 c7)^/?^ 0 . 1 m fC^T^Hfe LT . 

li^li, V§< r J: < , 0, 001-0. Olj:zm<!rL 
:^mf¥(Dm^^Z thhKf . i^t/ut^rjty.-(DX. 



(4). !^m^9 - 2 4 5 3 8 3 

e 

(Df^mtmhixtz^ 

[0014] m<omM:<0%y''^ ^ m^UWliZ-h^^^M 

^'}:t^m-rh:itt-xt^o *ii.feii^3 

m:(Dm^t N A{zm-^ < M.'^.f^^m^z X h a f y 2 j: ^?/J^ 

w t^^2o%^j,T\z^j:hxo^:.mm-t^^tx\ mmtmw: 
[0015] m.^.w.&\z:m\^x. ^ h\:.mB^j:mi^n 
^^f^pfedi^i^Ji 3 tcAM-r^ ^feii-fe+i/i 3 com 

#©r'S^25^^i:6o [l2(D^'a-tcfi, T^ii-fei^/i 3 
i:7tii'fetiii3£7:>M$Fr^^^'^ ni, n2'i:i-^<ir. 

mmn. n2/'niX A f ^/^5)o 2^^(7:>;S$?T^I^ 1 T*^ 

^^u. L^>'X4 o:^..'=^.^i:S:^^tb A f X 2itnfc'fi^*co 
Tz. i^-'^':^^^^yb'i^n.M.'^.iiim:<7:>mj:y)^i. 4 

4 X ^ i y 2<D^tLm:Xhhz. tt^'j^t^-ytzo 

^.^^m.<r)WP'^^^^^1'^^^-^<^^^MJ^.m^. 1. ex 
1. 4XAf/2r-^5o Lfc^^oT . ^/i:Dfi, 1. 
6/1. 4 X A i / 2^XTX\^Wm\Y.\^tzm^K-^ y Vt"^ 
W>^X^h^ 
[0016] 

;^ g| 3fe K M o ^ ^iZi ^ 1/ > X (D ^ CD 1^ II { c -r 

Tf^y b(D^^^jf^t,'^^it\^tj:\,^^<DX\ mm^Mt'^^^x 
hi^-if-m—<Dm<Dm^^^ y b'^^m{z.mf^xt h. 
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(5) 



^mW- 9-245383 



3. ^ii^tt^ 

5 . A r U - -t^'3t CO IJ - h 3t 
6. 3tiS^t4I^c75ig^^5^ 



S 



(a) 



(b) 



(c) 



(c) 



(0 
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7, 
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(a) 



(b) 



m 3] 

1213 



7 n >■ h'-i— -:/(7)ii^# 
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